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CACHE MEMORY ARRAY FOR MULTIPLE 
ADDRESS SPACES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to computer memory Systems and, 

more particularly, to processor cache circuitry which Stores 
information from multiple address Spaces. 

2. History of the Prior Art 
Recently, a new microprocessor was developed which 

combines a simple but very fast host processor (called a 
“morph host”) and software (called “code morphing 
Software’) to execute application programs designed for a 
processor having a different instruction Set at a rate equiva 
lent to that of the processor for which the programs were 
designed (the target processor). The morph host processor 
executes the code morphing Software to translate the appli 
cation programs into morph host processor instructions 
which accomplish the purpose of the original target Soft 
ware. AS the target instructions are translated, they are Stored 
in a translation buffer where they may be accessed without 
further translation. The resulting translations are then 
executed and perform the same functions that they would on 
a processor that implemented the target architecture in 
hardware. Although the initial translation and execution of a 
program may be slow, once translated, many of the Steps 
normally required to execute a program in hardware are 
eliminated. The new processor is described in detail in U.S. 
Pat. No. 6,031,992, entitled Combining Hardware And Sofi 
ware To Provide An Improved Microprocessor, Cmelik et al., 
issued Feb. 29, 2000, and assigned to the assignee of the 
present application. 

In order to carry out its operations, the host processor 
must be able to access two different types of memory, host 
memory and target memory. The instructions executed by 
the morph host, including both the code morphing Software 
which accomplishes the translations and the translations 
themselves, reside in host memory. The target instructions 
and data manipulated by the target instructions reside in 
target memory. 

During the translation process, code morphing Software 
must manipulate various kinds of data including, among 
other things, data related to the translations and the State of 
the target program. In addition, code morphing Software 
uses numerous data structures to perform various optimiza 
tions on the translated instructions. This data also resides in 
host memory. 
To prevent corruption of code morphing Software State, 

the target program must be kept from reading or writing host 
memory. The host processor must therefore be able to 
distinguish between host and target memory as two different 
“address Spaces.” Distinguishing between these address 
Spaces is not possible utilizing techniques known to the prior 
art because prior art processors do not dynamically translate 
instructions from a target to a host instruction Set and 
therefore do not utilize these different memory Spaces. 

Like other processors, the host processor includes a cache 
which enhances performance by Storing a copy of frequently 
accessed memory locations that can be read and written 
much more quickly than external memory. The cache has 
much Smaller capacity than main memory because it is 
physically located on the processor rather than on external 
memory chips. Since the host processor must access both 
host and target memory, its cache must also be able to acceSS 
both host and target memory. 
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2 
During the translation process, a need for local or "Scratch 

memory' to assist with the translation process also arises. 
The translation process creates a significant amount of 
non-permanent State. The translation process also requires 
information about the State of the target program which may 
be frequently accessed. Typically, Such information would 
be placed in processor registers. However, the translation 
process requires various data Structures and other larger 
groups of information which cannot be conveniently Stored 
in registers but should be available more rapidly than access 
to System memory provides. 

It is therefore desirable to provide improved processor 
caches and arrangements for accessing processor caches and 
local memory utilized by a processor. 

SUMMARY OF THE INVENTION 

The present invention is realized by apparatus including a 
cache having a plurality of Storage positions for data and for 
addresses, each of the Storage positions including positions 
Signifying one of a plurality of address Spaces, and Selection 
circuitry Selecting data from a Storage position based on an 
address including an address Space indicator. 

These and other features of the invention will be better 
understood by reference to the detailed description which 
follows taken together with the drawings in which like 
elements are referred to by like designations throughout the 
Several views. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a microprocessor designed in 
accordance with the present invention. 

FIG. 2 is a diagram illustrating the different memory 
Spaces in a computer using the present invention. 

FIG. 3 is a block diagram illustrating a data cache 
constructed in accordance with the present invention. 

FIG. 4 is a diagram illustrating a tag entry utilized to 
implement the present invention. 

DETAILED DESCRIPTION 

Referring now to FIG. 1, there is illustrated a block 
diagram of a new processor 11 associated in a computer 
system with system memory 10. The processor 11 includes 
integer and floating point units and associated circuitry for 
manipulating data in a manner described in the aforemen 
tioned U. S. patent. Among the associated circuitry is 
included a processor cache 13 designed in accordance with 
the present invention which Stores recently used information 
So that it is more immediately available to the processing 
units than is information from System memory. 
As is illustrated in FIG. 2, the system memory 10 includes 

Sections Storing target instructions, target data, host 
instructions, and host data. These Sections are illustrated as 
logically (although not necessarily physically) separated 
from one another in the figure. AS explained above, these 
address Spaces must be distinguishable So that target pro 
grams which utilize target information cannot corrupt host 
operations. To facilitate this result, information from these 
different memory address Spaces Stored in the processor 
cache 13 must also be maintained Separately. 
One way to implement Separate address Spaces in a cache 

is to include Separate caches on the processor for host 
memory and for target memory. However, two caches are 
more complex and less efficient than a Single cache. During 
the translation process, most of the memory accesses are to 
host memory So the host memory cache would be heavily 
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used, while the target cache would be mostly unused. On the 
other hand, during the execution of translations, most of the 
memory accesses are to target memory So the target memory 
cache would be heavily used, while the host cache would be 
mostly idle. 
A more efficient way to implement Separate memory 

Spaces is to utilize a single cache that can distinguish 
between these two memory Spaces. To distinguish between 
these address Spaces, the processor of the present invention 
uses an "address space indicator” (ASI) which is a token 
asSociated with a memory address that indicates whether the 
address refers to the host or target memory Space. Every 
memory address used by the processor, whether it is a data 
or instruction address, has an ASI associated with it. An ASI 
is Stored in the cache along with the address allowing both 
target and host memory locations to be Stored in a Single 
cache unit. 

This arrangement using an address Space indicator to 
distinguish information in a single cache assures that when 
the processor is translating target instructions So that most 
memory references are to host memory, the cache contains 
mostly host memory locations. On the other hand, when the 
processor is executing translations and most memory refer 
ences are to target memory, the cache contains mostly target 
locations. Thus, the Single cache arrangement has higher 
utilization efficiency than a dual-cache Scheme. 
A host processor including one particular embodiment of 

the inventive cache is shown in FIG. 3. The cache is capable 
of Storing data from both the host and target memory address 
Spaces including target instructions, target data, and host 
data. It will be understood that Since target instructions are 
not executed by the host processor but are translated into 
host instructions which are executed, target instructions 
represent data to the host processor. 

The particular embodiment of the host processor illus 
trated contains an eight-way Set-associative data cache. The 
cache consists of a tag array, a data array, comparison logic, 
and multiplexing logic. The tag array contains eight Sub 
arrays ("ways”) that may be read in parallel. Each tag way 
is an array of tag entries. The data array also contains eight 
data ways that are accessed in parallel. 
A tag entry is illustrated in FIG. 4. The tag contains three 

fields: a “valid’ bit indicating that the corresponding entry is 
present in the cache; a “page number indicating the upper 
bits of the cached memory address, and a “space' bit 
indicating whether the cached memory address is in the host 
or target memory address Space. If the Space bit is 1, then the 
cached memory is target memory; if the Space bit is 0, then 
the cached memory is host memory. 
A memory address is divided into two parts: the lower bits 

are the “index,” and the upper bits are the “page number.” In 
the particular processor, a memory address is always accom 
panied by an ASI. 
To perform a cache read operation, the indeX portion of a 

memory address is Sent to both the tag array and data array. 
The indexed tag entry is read from each of the eight ways 
and Sent to the comparator logic. The page number from the 
address and the ASI are also Sent to the comparator logic. 
The comparator logic compares each tag entry to the incom 
ing address and ASI to determine if any of the tags match. 
A tag matches the address and ASI if all of the following are 
true: the valid bit is Set to 1, the page number in the tag 
equals the page number of the address, and the Space bit 
indicates the same address Space as the ASI. 

If one of the tag entries matches the address and the ASI, 
then the comparator indicates the match on the data Select 

15 

25 

35 

40 

45 

50 

55 

60 

65 

4 
output. This output is sent to the multiplexor which Selects 
the corresponding data entries and Sends it to the data out 
output. 

For example, if the tag entry from way Seven matched the 
incoming address and ASI, then the data Select Signal would 
indicate that data way Seven should be sent to the data out 
output. 
The Space bit in the tag entry allows the cache to contain 

both host and target memory locations. Without this bit (or 
Some similar indication), the cache could not distinguish 
between a host memory address with the same numeric 
value as a target memory address. 

The single data cache which holds data from different 
address Spaces is particularly adapted to implement a local 
memory array. AS explained above, a need for local or 
"Scratch memory to assist with the translation process also 
arises when using the host processor. Local memory may be 
used in Several ways by code morphing Software. The 
translation process creates a significant amount of non 
permanent State. The translation process also requires infor 
mation about the State of the target program which may be 
frequently accessed. Once the translation is completed, the 
memory is no longer needed and can be reused during the 
processing of another translation. Although Some Such infor 
mation can be placed in processor registers, the translation 
process requires various data Structures and other larger 
groups of information which cannot be conveniently Stored 
in registers but should be available more rapidly than access 
to System memory provides. 

This local or Scratch memory is physically located on the 
processor So that accessing it is fast. However, this memory 
is much Smaller than the host or target memory portions of 
main memory which are located on external memory chips. 
Local memory is considered to be a separate address Space 
which is distinguished from host or target memory by a 
different ASI. 

Although the local memory is conceptually different than 
the cache, the actual circuitry used to implement local 
memory is very similar to the cache circuitry. In fact, the 
local memory may be implemented alongside the cache and 
share Some circuitry with the cache. This reduces the over 
head associated with local memory at a slight increase in 
complexity. 

In FIG. 3, a local memory array is located in the same 
Structure as the data cache arrays and has a similar physical 
implementation to one of the data ways. This arrangement 
allows the local memory to Share Some of the circuitry and 
wiring with the data arrayS. 

For host and target memory, the cache tags Store the upper 
bits (page number) of the memory address and are used by 
the comparator to determine whether the desired memory 
location is present in the cache. Local memory addresses do 
not use these upper bits, Since all of local memory may be 
referenced by the lower address bits (index). Therefore the 
local memory does not use cache tags. 
To access local memory, the address comparator block in 

FIG. 3 contains logic to detect whether the specified ASI is 
for local memory rather that host or target memory. If the 
local memory ASI is detected, then the comparator overrides 
the normal tag comparison results and indicates on the Data 
Select output that local memory should be selected. The 
multiplexor then deliverS data from the Local memory array 
to the Data Out output. 

It should be noted that the associativity of the cache is not 
limited to eight. A larger associativity does not preclude the 
use of a local memory array. 
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Larger local memory Spaces are possible as well. A 
Second local memory array may be included in the cache in 
FIG. 3. It can be distinguished from the first local memory 
array by using one more address bit. This additional address 
bit would be examined by the address comparator block and 
used to Select between the two local memory arrays when 
the ASI indicates the local memory Space. In this way, the 
available local memory may increased with minimal 
increase in complexity. 

Although the present invention has been described in 
terms of a preferred embodiment, it will be appreciated that 
various modifications and alterations might be made by 
those skilled in the art without departing from the Spirit and 
scope of the invention. The invention should therefore be 
measured in terms of the claims which follow. 
What is claimed is: 
1. A cache for a processor having a plurality of Storage 

positions for data and for addresses of the data, each of the 
Storage positions including in the Storage positions signify 
ing one of at least a first address Space and a Second address 
Space, wherein the first address Space includes instructions 
native to the processor and the Second address Space 
includes instructions that are not native to the processor, and 
Selection circuitry Selecting data from a storage position 
based on an address including an address Space indicator. 

2. The cache of claim 1 wherein the first address Space is 
a host address Space configured to Support a translation 
proceSS comprising instructions native to the processor. 

3. The cache of claim 2 wherein the Second address Space 
is a target address Space configured to maintain instructions 
that are not native to the processor and to Support accesses 
by the translation process to the target address Space. 

4. The cache of claim 3 wherein the processor is config 
ured to dynamically translate target instructions from the 
target address Space into host instructions from the host 
address Space. 

5. The cache of claim 1 wherein the address space 
indicator is configured for Storage with a corresponding 
address in the Storage positions of the cache. 

6. The cache of claim 5 wherein each of the storage 
positions of the cache are configured to Store the address 
Space indicator with the corresponding address to indicate 
whether the first address Space or the Second address Space 
is signified. 

7. The cache of claim 1 wherein the cache comprises an 
eight-way Set-associative data cache. 

8. The cache of claim 1 wherein the selection circuitry 
comprises comparator logic configured to Select data from 
the Storage position based on the address Space indicator. 

9. The cache of claim 1 wherein the cache comprises a 
local memory array for the processor. 

10. A cache having multiple address Spaces for a 
processor, comprising: 

a memory having a plurality of Storage positions for data 
and for addresses of the data, each of the Storage 
positions including an address Space identifier Signify 
ing one of at least a first address Space and a Second 
address Space, wherein the first address Space includes 
instructions native to the processor and the Second 
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address Space includes instructions that are not native 
to the processor; 

Selection circuitry coupled to the memory for Selecting 
data from a storage position based on an address 
including the address Space indicator; 

the first address Space configured as a host address Space 
to Support a translation process comprising instructions 
native to the processor; and 

the Second address Space configured as a target address 
Space to maintain instructions that are not native to the 
processor and to Support accesses by the translation 
process to the target address Space. 

11. The cache of claim 10 wherein the processor is 
configured to dynamically translate target instructions from 
the target address Space into host instructions from the host 
address Space. 

12. The cache of claim 10 wherein the address space 
indicator is configured for Storage with a corresponding 
address in the Storage positions of the cache. 

13. The cache of claim 12 wherein each of the storage 
positions of the cache are configured to Store the address 
Space indicator with the corresponding address to indicate 
whether the first address Space or the Second address Space 
is signified. 

14. The cache of claim 10 wherein the cache comprises an 
eight-way Set-associative data cache. 

15. The cache of claim 10 wherein the selection circuitry 
comprises comparator logic configured to Select data from 
the Storage position based on the address Space indicator. 

16. The cache of claim 10 wherein the cache comprises a 
local memory array for the processor. 

17. A method for implementing multiple address Spaces in 
a cache for a processor, comprising: 

accessing a plurality of Storage positions for data and for 
addresses of the data, each of the Storage positions 
including in the Storage positions signifying one of at 
least a first address Space and a Second address Space, 
wherein the first address Space includes instructions 
native to the processor and the Second address Space 
includes instructions that are not native to the proces 
Sor, 

Selecting data from a Storage position based on an address 
including an address Space indicator by using Selection 
circuitry; 

configuring the first address Space as a host address Space 
to Support a translation process comprising instructions 
native to the processor; and 

configuring the Second address Space as a target address 
Space to maintain instructions that are not native to the 
processor and to Support accesses by the translation 
process to the target address Space. 

18. The method of claim 17 wherein the processor is 
configured to dynamically translate target instructions from 
the target address Space into host instructions from the host 
address Space. 

19. The method of claim 17 wherein the cache comprises 
a local memory array for the processor. 
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